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PLANT-INSECT INTERACTIONS

Use of Common Weeds of Rice as Hosts for the Rice Water Weevil
(Coleoptera: Curculionidae)
K. V. TINDALL1

AND

M. J. STOUT

Environ. Entomol. 32(5): 1227Ð1233 (2003)

ABSTRACT The rice water weevil, Lissorhoptrus oryzophilus Kuschel, is the most important insect
pest in rice, Oryza sativa L., in the United States. Prior research indicates that rice water weevils feed
primarily on monocotyledonous plants. Many monocot weeds occur in rice Þelds, but little is known
about rice water weevil-weed interactions in rice. Host utilization of the rice water weevil was
evaluated on rice, cultivar ÔCocodrieÕ, and seven weeds commonly found in rice Þelds in preference
and life cycle compatibility tests in the greenhouse. Barnyardgrass, Echinochloa crus-galli Beauv.,
yellow nutsedge, Cyperus esculentus L., broadleaf signalgrass, Brachiaria platyphylla Nash., and fall
panicum, Panicum dichotomiflorum Michx., were more preferred for oviposition than rice. More
neonate larvae eclosed on barnyardgrass and yellow nutsedge than eclosed on rice. Densities of late
instars feeding on roots of yellow nutsedge and broadleaf signalgrass were signiÞcantly lower than
densities on rice. Barnyardgrass was also more preferred for adult feeding than rice and all other weeds.
Rice water weevils were able to complete their life cycle on all plants examined except hemp sesbania,
Sesbania exaltata (RaÞn.) Cory, the only dicotyledonous plant species tested in the greenhouse.
Several new hosts can be added to an existing list of host plants for the rice water weevil. Field surveys
conÞrmed larvae infested roots of all weed species sampled in the greenhouse, as well as several other
weed species. Many of the plants infested with larvae were dicotyledonous plants, suggesting that the
host range of rice water weevil is much broader than previously reported.
KEY WORDS Lissorhoptrus oryzophilus Kuschel, Oryza sativa L., host preference, host range,
insect-weed interactions

THE RICE WATER WEEVIL, Lissorhoptrus oryzophilus Kuschel, is native to North America and is the most important insect pest of rice in Louisiana and throughout
U.S. rice producing states (Smith 1983, Way 1990).
Rice water weevils are semiaquatic folivores as adults
and aquatic root-feeding herbivores as larvae. Adults
migrate to rice Þelds in early spring and feed on leaves
of young rice plants. Oviposition is not initiated in full
until Þelds are ßooded because females oviposit in leaf
sheaths beneath the water surface (Stout et al. 2002).
Larvae eclose, migrate to roots, and feed on root tissue.
Larval feeding typically reduces yields 10 Ð33%, but
yield losses can be as high as 70% when infestations are
severe (Anonymous 1994).
Little is known about native and alternate hosts of
the rice water weevil. Webb (1914), Isley and
Schwardt (1934), and Lange and Grigarick (1959)
listed hosts for the rice water weevil from three plant
families: Poaceae (nine genera, 14 species), Cyperaceae (three genera, four species), and Onagraceae
(one genus, one species). Jussiaea suffruticosa L.
(Onagraceae) is the only dicotyledonous species
listed as a host. However, the rice water weevil is
1
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assumed to have a broader host range based on its
distribution and biology (Isley and Schwardt 1934). In
rice agroecosystems, many weeds co-exist with rice
and rice water weevils, but only a few of the most
common weeds have been conÞrmed as hosts for rice
water weevils. Of the plant species listed as hosts, only
a few species of grasses (barnyardgrass, Echinochloa
crus-galli Beauv.; fall panicum, Panicum dichotomiflorum Michx.; Bermuda grass, Cynodon dactylon (L.)
Pers.; Paspalum spp.) and one genus of sedges
(Cyperus spp.) are common weeds in Louisiana rice
Þelds. Numerous grasses and sedges such as red rice
(Oryza sativa L.), broadleaf signalgrass (Brachiaria
platyphylla Nash.), Amazon sprangletop (Leptochloa
panicoides [Presl] Hitchc.), rice ßatsedge (Cyperus
iria L.), yellow nutsedge (Cyperus esculentus L.), and
purple nutsedge (Cyperus rotundus L.) are common in
Louisiana rice Þelds (Jordan and Sanders 1999) and
could serve as hosts for rice water weevils.
Presence of weeds in an agroecosystem can inßuence insect populations in a positive or negative manner. Insect-weed interactions in cotton agroecosystems have received considerable attention. Weeds on
the margins of cotton Þelds serve as a nectar source for
parasitoids, thereby keeping beneÞcial insects in the
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Materials and Methods
Plant and Insect Material
Barnyardgrass, fall panicum, yellow nutsedge, red
rice, broadleaf signalgrass, Amazon sprangletop, hemp
sesbania, Sesbania exaltata (RaÞn.) Cory, (Azlin Seed
Service, Leland, MS), and commercial rice (cultivar
ÔCocodrieÕ) were planted separately in 9 cm diameter
pots in a greenhouse. Because experiments were conducted when plants were young and because roots
were consumed by larvae, plants did not become root
bound during these experiments. Potting soil consisted of a 4:2:1:1 mixture (by volume) of soil (commerce silt loam), peat moss, sand, and vermiculite.
Fertilizer (0.8 g of 23:12:12 N:P:K) was added to each
pot and incorporated into the soil mixture at planting.
Natural light was not supplemented. Temperature in
the greenhouse ranged from 25⬚ to 35⬚C. Pots were
placed in wooden basins lined with black plastic pond
liner and watered daily until used in the experiments.
Rice water weevil adults were collected from rice
Þelds at the LSU AgCenter Rice Research Station,
near Crowley, Acadia Parish, LA. Adult weevils were
maintained in glass jars with freshly cut rice leaves and
a moistened paper towel. Weevils were collected for
each experiment ⬇24 h before the experiment was
conducted. Weevils were used only once and discarded.

Determination of Rice Water Weevil Preference
(greenhouse experiments)
Interactions of the rice water weevil and its putative
hosts were examined using a commercial rice cultivar
and the seven weed species listed above. Hemp sesbania, the only dicot species in these experiments, was
used as a negative control, because a dicot was not
expected to be a suitable host. Plants were thinned to
three per pot for each plant species. Because plant age
may inßuence insect preference, plant age was maintained constant for all replications. Experiments were
initiated when all plants except hemp sesbania and
yellow nutsedge possessed three to four leaf fully
expanded leaves. Hemp sesbania had four fully expanded leaßets and yellow nutsedge was ⬇28 cm tall
when experiments began. Two pots (six plants) of
each plant species were placed in each of three to
eight cylindrical infestation cages. Cages used for
adult rice water weevil infestations were constructed
of wire frame and covered with insect screen. Dimensions of the cylindrical cages were 46 cm in diameter
and 61 cm in height. Basins were ßooded to a depth of
18 cm such that 8 cm of plants were under water.
Preliminary tests demonstrated infestation densities of
four adults per plant for 4 d (Heinrich et al. 1985)
resulted in mortality of barnyardgrass and yellow nutsedge because of severe adult feeding, oviposition
and/or larval feeding. Therefore, plants were infested
with two adult rice water weevils per plant (96 weevils
per cage) for 4 d. Adults were placed in the center of
the cage and allowed to move freely throughout the
cage. Four days after the initiation of adult infestation,
pots were removed from cages and adult weevils were
removed from plants.
At the time plants were removed from cages, two
plants were destructively harvested from each pot and
taken to a laboratory to obtain two independent measures of rice water weevil preference and host suitability. One plant was used to assess ovipositional
preference. The second plant was used to determine
densities of neonates associated with each plant. The
third plant in each pot was left in the greenhouse. Late
instar densities from the last plant were determined
21 d after removal of plants from cages. Larvae were
mostly third or fourth instars by this time and few pupae
were found. Numbers of late instars also provided information on both preference and host quality.
Oviposition Preference. Ovipositional preference
was determined from one plant in each pot by counting eggs in the leaf sheaths of graminaceous plants
(Gifford and Trahan 1969). All plants were bleached
in a 75% ethanol/water solution for several weeks
before counting eggs. Eggs were counted using a dissecting microscope (40⫻ magniÞcation). Because
hemp sesbania does not have a leaf sheath, stems of
hemp sesbania were cut longitudinally under a dissecting scope to examine the incision line for eggs.
Stems of hemp sesbania are hollow; therefore, stems
could be opened easily and ßattened. The vascular
tissue was separated from the epidermis of the stem.
Both vascular and epidermal tissues were examined
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Þeld (Gurr and Wratten 1999). Additionally, a
hemipteran pest of cotton, the tarnished plant bug,
Lygus lineolaris (Palisot de Beauvois), has a large host
range, and many weeds associated with cotton are
preferred over cotton (Young 1986). Numerous
weeds serve as transitional hosts before plant bugs
move to cotton. Manipulation of weedy hosts along
Þeld borders (i.e., application of pesticides or mowing) can inßuence tarnished plant bug populations in
cotton Þelds (Fleischer et al. 1988, Snodgrass et al.
2000). Little comparable data are available about insect-weed interactions in the rice agroecosystem.
Plants listed as hosts for the rice water weevil by
previous authors were plants infested by larvae either
in Þeld or cage studies (Isley and Schwardt 1934).
However, there are no reports indicating that the rice
water weevil is able to complete its life cycle on these
hosts. Additionally, there is no information about relative host suitability or preference for hosts. Greenhouse experiments were designed to evaluate adult
feeding, ovipositional preference, and larval development of rice water weevils on weeds commonly found
in rice Þelds of Louisiana. Indicators of host quality
and suitability were examined, including larval
weights and the ability of rice water weevil to develop
successfully to adulthood. Weeds were sampled in the
Þeld to determine if weeds used in greenhouse studies,
as well as other common weeds, were infested with
rice water weevil larvae under Þeld conditions.
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mortality of rice water weevils was examined using
Pearson correlation coefÞcient in PROC CORR in
SAS.
Adult Feeding Preference
Adult feeding preference was examined using rice
and the previously listed weed species. Petri dishes
(150 mm ⫻ 15 mm) were lined with moistened cotton
batting. The cotton batting was sectioned into eight
quadrants. Each quadrant was randomly assigned
plant material from single plant species. Foliage for
adults was 4 cm of a leaf blade of the monocot plant
species or 4 cm of a hemp sesbania leaßet. Rice water
weevil adults were starved for three hours before the
experiment to ensure feeding. One adult was placed in
the center of each dish and allowed to move freely
about the petri dish. After 24 h, adults were removed
from dishes, and the length (mm) of feeding scars
was measured. Feeding scars of rice water weevil are
⬇1 mm in width, allowing simple calculation of area
consumed. This experiment was conducted three
times: 15 adults were used in the Þrst experiment, 25
in the second and 23 in the third. Data were analyzed
using one-way ANOVA (completely randomized design) and means were separated by TukeyÕs studentized range test (SAS Institute 1998). Data from hemp
sesbania were not included in the analysis and data
were log transformed before analysis to meet the assumption of normality. Data are presented as nontransformed means.
Life Cycle Compatibility
The following no-choice experiments were performed to determine if rice water weevils are capable
of completing their life cycle on the eight plants studied. Six to 12 pots containing one plant of a single plant
species were placed in an adult infestation cage (previously described). After 25 d, roots of half the plants
of each species were sampled to verify presence of
larvae. Foliage of remaining plants was trimmed to
remove feeding scars made by adults during the initial
infestation. After trimming the foliage, plants were
individually covered with cages constructed of wire
screen (12.5 cm in diameter and 55 cm in height).
Appearance of new feeding scars was used as an indicator that rice water weevil adults had eclosed and
completed their life cycle on the host. Because hemp
sesbania was shown to be a poor host for adult feeding,
noninfested rice plants were placed inside hemp sesbania cages so that any adults emerging from hemp
sesbania roots would have a suitable host present on
which adults could feed. Rice plants were planted in
50 ml conical vials. One vial with a rice plant was added
to each pot of hemp sesbania. These rice plants were
placed in vials to prevent larvae present on roots of
hemp sesbania from moving to rice and completing
their life cycle on rice. Plants were checked every
other day for adult feeding scars. The intent of this
experiment was to determine whether or not rice
water weevil could complete their life cycle on these
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under the microscope for eggs; however, all eggs
found on hemp sesbania were in the epidermal layer
of the stem.
Eclosion of Neonates. A second plant was used to
determine numbers of Þrst instars eclosing from eggs
on each plant by placing individual plants in test tubes
Þlled with water (Bowling 1973). Test tubes were
housed in an environmentally controlled growth
chamber (25⬚C, 16:8 [L:D] h). When larvae eclose,
larvae migrate to the roots to begin feeding; consequently, larvae sink to the bottom of test tubes. Water
was emptied into a petri dish and neonate larvae were
counted and discarded. To ensure larvae did not remain on roots, plants were shaken vigorously in test
tubes Þlled with water. Each plant was placed back in
the test tube and reÞlled with water. First instars were
counted every other day for 2 wk.
Densities and Weights of Late Instars. Approximately 25 d after initiation of adult infestations, the
Þnal plant was removed from each pot and roots and
soil of plants were washed into 40 mesh screen buckets
(12.7 cm ⫻ 17.8 cm) (Smith and Robinson 1982).
Buckets were placed in a saturated saline solution,
causing rice water weevil larvae to ßoat to the surface.
Larvae were collected, taken to the laboratory, and
lyophilized for 48 h. Larvae from each plant were
pooled and weighed to the nearest mg. Total weight
was divided by the number of larvae to obtain an
average larval weight.
Data Analysis. This entire experiment was replicated three times. Replication size differed because of
difÞculties in synchronizing eight plant species at a
single stage of growth. The Þrst replication had eight
cages (initiated on 25 May 2001); the second replication had three cages (initiated on 30 June 2001),
and the third replication had Þve cages (initiated on
15 July 2001). There was a total of 32 plants of each
species for each parameter measured.
Numbers of eggs, neonate larvae, larvae collected
25 d after adult infestations, and larval weights were
analyzed using one-way analysis of variance
(ANOVA) and means were separated using TukeyÕs
studentized range test (SAS Institute 1998). Hemp
sesbania was not included in the analysis and data
were log transformed before analysis to meet the assumption of normality. Nontransformed means are
presented in the results.
Survival of insects from one life stage to the next was
determined by comparing the number of insects at
each stage in the following manner. When plants were
removed to measure each parameter (i.e., number of
eggs, neonates or 21 d old larvae), care was taken to
trace from which pot data were collected from so that
comparisons between life stages could be made for
each pot. Survival of insects from the egg stage to late
instar stage was assessed by using a t-test to compare
egg densities and late instar denesities for each pot.
Survival of insects on different hosts was compared by
examining the proportion of eggs surviving to 21 d old
larvae using one-way ANOVA. Means were separated
using TukeyÕs studentized range test (SAS Institute
1998). Possible correlation between egg densities and
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Table 1. Assessment of the ability of rice water weevil to complete its life cycle on commercial rice (Cv. ‘Cocodrie’) and seven
common weeds in greenhouse experiments. Presence of adult feeding was used as an indicator of completion of life cycle
Larvae
per plant
(S.E.)a

nb

% plants
with adult
feedingc

Development
time (d)d

Rice (Cv. ÔCocodrieÕ)
Barnyardgrass
Fall panicum
Hemp sesbania
Red rice
Yellow nutsedge
Broadleaf signalgrass
Amazon sprangletop

10.6 (4.2)
14.3 (2.9)
7.5 (1.9)
0.0 (0.0)
17.8 (4.5)
2.0 (2.0)
4.2 (0.7)
11.4 (2.0)

3
6
4
12
6
6
6
5

100
100
100
0
83
67
67
100

33Ð43
28Ð45
36Ð52
n/a
36Ð52
35Ð43
52Ð58
36Ð54

a
Number of larvae present when plants were sampled to ensure
infestation.
b
n ⫽ number of plants sampled for both larval infestations and for
adult feeding scars.
c
[(plants with adult feeding)/(plants sampled)] *100.
d
Number of days from the initiation of the experiment that adult
feeding was detected.

various weeds. Therefore, once adult feeding was detected on a plant species, no additional replications
were conducted with that plant species. Different
methods would be needed to quantify eclosion of
adults on each plant species. Two replications were
performed with hemp sesbania only because evidence
of adult feeding was not observed in the Þrst replication. Table 1 shows the number of plants of each
species used to determine presence of larval infestations and suitability for insect development.
Field Sampling
Sixteen dicotyledonous and monocotyledonous
weed species (Table 2) were sampled in rice Þelds for
presence of larvae and pupae on roots. Weeds were
sampled throughout the season at several locations.
Sample sites included two Þelds in south Louisiana,
Table 2.

Results
Determination of Rice Water Weevil Preference
(greenhouse experiments)
Oviposition Preferences. Densities of eggs oviposited on plants differed among plant species (Table 3;
F ⫽ 67.34; df ⫽ 6, 90; P ⬍ 0.0001). Barnyardgrass, fall
panicum, yellow nutsedge, and broadleaf signalgrass
were more preferred for oviposition than commercial
rice. Amazon sprangletop was less preferred for oviposition than commercial rice. There were no significant differences in egg densities on red rice and commercial rice. Hemp sesbania had less than one egg per
plant.
Eclosion of Neonates. More neonates eclosed from
barnyardgrass and yellow nutsedge than from commercial rice (Table 3; F ⫽ 37.62; df ⫽ 6, 90; P ⬍ 0.0001).
Fewer neonates eclosed from Amazon sprangletop
than from commercial rice. Numbers of neonates
found on red rice, fall panicum, and broadleaf signalgrass were not signiÞcantly different from numbers on
commercial rice. Eclosion from hemp sesbania averaged less than one neonate per plant.
Densities of Late Instars. Fewer late instars were
found on roots of yellow nutsedge and broadleaf sig-

Infestation of common monocot (M) and dicot (D) weeds in Louisiana rice fields by rice water weevil larvae and pupae
Weed Species

Aeschynomene indica L., joint vetch
Alternathera philoxeroides (Mart.) Griseb.,
alligator weed
Amaranthus spp., amaranths
B. platyphylla (Griseb.) Nash., broadleaf
signalgrass
Caperonia palustris (L.) St.-Hil., Texas weed
C. dactylon (L.) Pers., bermudagrass
Cyperus spp., sedges
E. crus-galli (L.) Beauv., bamyardgrass
Eclipta alba (L.) Hassk., Eclipta
Heteranthera limosa (Sw.) Willd., duck salad
Ipomoea spp., morningglories
Leptochola spp., sprangletop
O. sativa L., red rice
O. sativa L., commercial rice varieties
P. dichotomiflorum Michx., fall panicum
Paspalum dilatatum Poir., dallisgrass
S. exaltata (Raf.) A.W. Hill., hemp sesbania
a

both at LSU AgCenterÕs Rice Research Station, and
three Þelds in north Louisiana, in Jonesville (Catahoula Parish), Winnsboro (Franklin Parish), and St.
Joseph (Tensas Parish). Not all weeds were present at
each location. Weeds that were isolated from adjacent
plants were sampled to prevent root tissue of other
plant species being intertwined with the targeted
plant species. Root/soil samples were taken with a
metal soil corer (9.2 cm diameter with a depth of 7.6
cm). Roots and soil were sampled for larvae as previously described. This Þeld survey was conducted to
determine whether the rice water weevil is able to use
nonrice hosts under Þeld conditions.

n ⫽ number of plants sampled.

Plant
type

na

Larvae (SE)
per plant

% plants infested
with larvae

Pupae (SE)
per plant

% plants infested
with pupae

D
D

11
41

0.82 (0.35)
0.32 (0.10)

45.5
22.0

0.09 (0.09)
0.00 (0.00)

9.1
0

D
M

9
54

0.42 (0.26)
0.80 (0.19)

22.2
38.9

0.00 (0.00)
0.04 (0.03)

0
3.7

D
M
M
M
D
D
D
M
M
M
M
M
D

40
39
52
50
43
43
9
40
24
42
7
3
42

1.90 (0.54)
0.90 (0.28)
2.85 (0.47)
18.12 (2.42)
0.81 (0.25)
0.21 (0.09)
0.67 (0.29)
6.85 (0.89)
1.96 (0.62)
8.30 (1.99)
3.86 (0.88)
0.33 (0.33)
0.21 (0.09)

47.4
35.9
75.0
94.0
26.2
11.6
44.4
92.5
50.0
71.9
100
33.3
16.7

0.55 (0.14)
0.00 (0.00)
0.15 (0.06)
0.72 (0.21)
0.33 (0.14)
0.07 (0.07)
0.00 (0.00)
0.55 (0.20)
0.21 (0.10)
0.74 (0.16)
0.29 (0.29)
0.00 (0.00)
0.00 (0.00)

34.2
0
13.5
26.0
14.3
2.3
0
22.5
16.7
38.6
14.3
0
0
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Table 3. Preference of rice water weevils on commercial rice and seven weed species in greenhouse choice tests. Survival was
characterized by examining the number of eggs surviving to larvae 25 days after adult infestation
Eggs (SE)
per plant

Neonates (SE)
per plant

Late in stars (SE)a
per plant

Wt (mg) (SE)

Survivalb t, df, P

Percent survivalc
(SE)

Rice (Cv. ÔCocodrieÕ)
Barnyardgrass
Fall panicum
Red rice
Yellow nutsedge
Broadleaf signalgrass
Amazon sprangletop
Hemp sesbaniad

13.25 (2.14)d
48.68 (6.13)bc
62.53 (4.92)ab
13.10 (2.34)d
99.47 (8.11)a
31.13 (4.25)c
3.48 (1.21)e
0.97 (0.37)

9.45 (1.29)cd
17.66 (1.45)b
26.87 (5.25)bc
6.41 (1.69)d
42.41 (5.19)a
7.94 (1.85)d
2.84 (1.15)e
0.94 (0.21)

7.16 (0.81)ab
9.47 (0.94)a
4.75 (0.66)bc
11.19 (1.39)a
2.5 (0.81)d
3.06 (0.41)cd
6.23 (1.02)abc
0.13 (0.59)

0.673 (0.084)bc
0.417 (0.044)cd
0.503 (0.112)bc
1.299 (0.215)a
0.293 (0.125)cd
0.137 (0.020)d
0.859 (0.113)ab
0.350 (0.144)

2.66, 62, ⬍0.0100
4.74, 62, ⬍0.0001
4.25, 61, ⬍0.0001
0.71, 61, ⬍0.4832
⫺7.60, 62, ⬍0.0001
⫺2.75, 61, ⬍0.0125
⫺1.75, 61, ⬍0.0878
⫺3.80, 62, ⬍0.0003

54.04 (7.08)b
19.45 (4.50)c
7.59 (2.11)cd
85.42 (6.04)ab
2.51 (1.04)d
9.82 (4.90)cd
⬎100a
12.90 (4.39)

Means followed by different letters in the same column are signiÞcantly different. Means were separated with TukeyÕs studentized range
test ␣ ⫽ 0.05.
a
Larvae collected 25 d after initiation of adult infestation; 80 Ð90% of larvae were 3rd and 4th instars.
b
Survival from egg to late instar; differences determined using paired t-tests.
c
(Mean number of late instars/mean number of eggs) * 100.
d
Hemp sesbania data were not included in statistical analysis.

nalgrass than on roots of commercial rice (Table 3; F ⫽
14.87; df ⫽ 6, 90; P ⬍ 0.0001). There were no other
signiÞcant differences in numbers of late instars on
other species compared with numbers found on commercial rice.
Weights of Late Instars. Dry weights of larvae feeding on roots of red rice were signiÞcantly larger than
weights of larvae from commercial rice plants (Table
3; F ⫽ 16.44; df ⫽ 6, 90; P ⬍ 0.0001). Weights of larvae
on roots of broadleaf signalgrass were signiÞcantly
lower than weights of larvae from commercial rice.
Larval weights on the remaining plant species were
not signiÞcantly different from those on commercial
rice.
Survival. Paired t-tests were used to assess survival
of rice water weevil from egg to late instar on each
plant species (Table 3). Densities of late instars were
signiÞcantly lower than densities of eggs on barnyardgrass, commercial rice, fall panicum, hemp sesbania,
yellow nutsedge, and broadleaf signalgrass. There was
no signiÞcant difference in numbers of late instars and
eggs on red rice or Amazon sprangletop. The percentage of eggs surviving to late instars was lower on
barnyardgrass, fall panicum, yellow nutsedge, and
broadleaf signalgrass than on commercial rice (Table
3; F ⫽ 45.96; df ⫽ 6, 90; P ⬍ 0.0001). Density of eggs
and mortality of rice water weevils were signiÞcantly
correlated (Pearson correlation coefÞcient ⫽ 0.8127;
P ⬍ 0.0263).

Life Cycle Compatibility
Larvae were present on roots of all plant species
except hemp sesbania (Table 1). With the exception
of hemp sesbania, adult feeding was present on over
60% of plants sampled for each plant species, demonstrating that the rice water weevil is capable of completing its life cycle on those hosts. Feeding scars were
found 28 Ð58 d after adult infestations, suggesting that
1Ð2 mo are required for the completion of the life
cycle, depending on the host.
Field Sampling
Rice water weevils were able to use plant species
other than commercial rice as hosts under Þeld conditions. Larvae were found on all plant species sampled, including dicot plants (Table 2). Percent larval
infestations ranged from 11 to 47% on dicot weed
species whereas infestations on monocot plant species
ranged from 33 to 100%. Pupae were found on 65% of
plants sampled. Monocot species generally had more
larvae and pupae than dicot species.

Adult Feeding Preference
Foliage of barnyardgrass received signiÞcantly
more feeding than all other plant species (Fig. 1; F ⫽
7.52; df ⫽ 6, 405; P ⬍ 0.0001). Feeding on the remaining
weeds was intermediate and did not differ from feeding on commercial rice. Fall panicum and red rice
were signiÞcantly more preferred than yellow nutsedge and broadleaf signalgrass. Hemp sesbania had
little adult feeding.

Fig. 1. Feeding by rice water weevil adults on commercial rice (Cv. ÔCocodrieÕ) and common weeds of rice (n ⫽
63). Different letters represent signiÞcant differences in
amount of feeding between plant species (TukeyÕs studentized range test). *Hemp sesbania was not included in the
analysis.
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ENVIRONMENTAL ENTOMOLOGY
Discussion

Although Þeld surveys provided supplementary information about host range, temporal and spatial variation in presence of weeds, sampling procedures, and
environmental conditions preclude Þeld data from
being used to conclusively determine relative host
preference. All plant species were not sampled at each
Þeld location because they were not present at all
locations. In addition, there was considerable variation in collection dates and Þeld locations. The time of
season when samples are taken can affect numbers of
larvae and pupae present. Some Þelds were planted
with rice seed treated with an insecticide, Þpronil.
Although Þpronil was not applied to seeds of weeds,
no research is available to determine the degree to
which Þpronil leaches into the soil or what effects it
may have on insects on roots of neighboring plants.
There was tremendous variation in the Þeld survey;
however, the intent of the experiment (i.e., to determine if the plant was used by rice water weevil in the
Þeld) was accomplished and showed that roots of most
of the common weeds in Louisiana rice Þelds were
infested with larvae. More controlled studies are required to determine the suitability and preference of
hosts in the Þeld.
SigniÞcant mortality from egg to larval stage was
observed on all plant species except red rice and Amazon sprangletop. The average number of eggs, neonate larvae, and late instars for all species combined
were 34, 14, and 6, respectively. There were signiÞcant
differences in mortality when comparing across plant
species, and mortality was shown to be strongly correlated to number of eggs oviposited. Although this is
not conclusive evidence, it appears that some level of
intraspeciÞc competition occurs among rice water
weevils. Ideally, investigations of intraspeciÞc competition would be conducted with known densities of
larvae; however, currently there are no effective
methods for transfer of larvae to root systems. Another
possible explanation for mortality is predation of rice
water weevils. However, there are few effective predators of rice water weevils (Puissegur 1976), and predators were not present in the greenhouse.
Caswell et al. (1973) proposed that insects are more
likely to avoid C4 plants than C3 plants because C3
plants are a superior food source for insects. The
authors state this hypothesis is not absolute. Rice water weevil would be an exception to the hypothesis
because all C4 plants (i.e., barnyardgrass, yellow nutsedge, broadleaf signalgrass, and fall panicum [Elmore
and Paul 1983]) were more preferred for oviposition
than C3 plants. Although mortality was high on C4
plants, mortality was likely due at least partially to
intraspeciÞc competition resulting from high levels of
oviposition.
Weeds used in this study were not equally suitable
for rice water weevil development. Initial densities of
larvae (i.e., numbers of neonates) were similar for
commercial rice, fall panicum, red rice, and broadleaf
signalgrass. However, larval weights on broadleaf signalgrass were nearly Þve times lower than larval
weights on rice. Thus, broadleaf signalgrass may be
less suitable for larval development. Larvae feeding on
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An understanding of interactions among weeds and
insects is necessary to develop an integrated management program for these two types of pests. Data presented in this paper provide information on the use of
several common weeds in Louisiana rice Þelds by rice
water weevils. The host range of rice water weevil
appears to be much broader than previously reported.
Several new hosts, all of which are common weeds in
rice Þelds, can be added to the existing list of hosts of
the rice water weevil. Broadleaf signalgrass, yellow
nutsedge, and Amazon sprangletop are newly documented hosts on which rice water weevils were shown
to complete its life cycle. Larvae were also associated
with roots of joint vetch, alligator weed, Amaranthus
spp., Texas weed, eclipta, duck salad, Ipomoea spp.,
and hemp sesbania in Þeld surveys (Table 2). Although larvae were found on roots of dicot plants,
monocots were more preferred by rice water weevils
in greenhouse experiments. These data support previous information that rice water weevils predominately feed on monocot plants (Webb 1914, Isley and
Schwardt 1934, Lange and Grigarick 1959).
There are several possible explanations for the presence of larvae on roots of dicot plants in the Þeld. First,
it is possible that some rice roots were mixed with
roots of sampled weeds, and larvae were actually feeding on roots of rice in the root/soil sample. However,
care was taken to sample isolated weeds and prevent
rice roots from being included in the sample, so this
explanation is unlikely to account for all larvae on
roots. Second, adults may have oviposited on these
dicot plants. This explanation is probable for at least
some dicots because rice water weevils oviposited on
25% of hemp sesbania plants presented to adults in
greenhouse experiments. Third, adults may have oviposited on monocots, and larvae may have changed
hosts underground. Roots of dicot plants may be acceptable hosts for larval feeding irrespective of their
suitability for oviposition. Nordenhem and Norlander
(1994) showed that subterranean weevils, Hylobius
abietis (L.), were able to move 100 mm in sand to
relocate to noninhabited hosts. Laboratory observations have shown rice water weevils are capable of
movement on root systems of individual plants (unpublished data). However, experiments are needed to
characterize larval movement on roots of individual
plants or roots of different hosts. Fourth, dicot plants
may be more acceptable (either for oviposition or
larval feeding) when rice water weevils reach high
densities and overcrowding forces competition between weevils. Bigger and Fox (1997) found that diamondback moths, Plutella xylostella L., had a broader
host range when population densities were high. Rice
Þelds in South Louisiana typically have greater densities than in Þelds in North Louisiana. Texas weed
collected in South Louisiana had an average of eight
larvae per core, but in North Louisiana the average
was less than one larva per core. Overcrowding may
have caused rice water weevil to move to Texas weed
in South Louisiana.
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red rice, a weedy rice with red pericarp, were nearly
twice as heavy as those on commercial rice. Although
red rice is the same species as commercial rice, it may
be a better host for rice water weevil larvae.
Palrang et al. (1994) showed that rice Þelds grown
adjacent to levees with high densities of weeds in
California had more rice water weevils present after
ßooding than Þelds adjacent to weed-free levees. The
authors suggest that weevils emerging from overwintering sites may use weeds on levees as food sources
to replenish energy reserves for ßight muscle regeneration and eventual ßight. This behavior would keep
weevils near the Þeld until rice is ßooded, at which
time weevils could infest rice plants. Therefore, it
could be advantageous to have weed-free levees before the ßooding of rice. Data presented in this paper
indicate adult rice water weevils preferred barnyardgrass and showed preferences for fall panicum and red
rice over yellow nutsedge and broadleaf signalgrass.
Therefore, composition of weeds on levees may be as
important as the mere presence of weeds on levees.
Additionally, if there are nearby areas, such as ditches
or reservoirs, that have standing water with preferred
hosts for oviposition, a generation of rice water weevils could develop before ßooding of rice Þelds, resulting in more severe infestations. Further investigations are needed to understand interactions between
rice water weevils and weeds to assist in the development of management strategies to manipulate populations of these pests.
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